Chimeric green fluorescent protein as a tool for visualizing subcellular organelles in living cells.
It has recently been demonstrated that the green fluorescent protein (GFP) of the jellyfish Aequorea victoria retains its fluorescent properties when recombinantly expressed in both prokaryotic (Escherichia coli) and eukaryotic (Caenorhabditis elegans and Drosophila melanogaster) living cells; it can therefore be used as a powerful marker of gene expression in vivo. The specific targeting of recombinant GFP within cells would allow it to be used for even more applications, but no information is yet available on the possibility of targeting GFP to intracellular organelles. In this study, we show that the GFP cDNA can be expressed at high levels in cultured mammalian cells; the recombinant polypeptide is highly fluorescent and is exclusively localized in the cytosol. Furthermore, we have modified the GFP cDNA to include a mitochondrial targeting sequence (and a strong immunological epitope at the amino terminus of the encoded polypeptide). When transiently transfected into mammalian cells, this construct drives the expression of a strongly fluorescent GFP chimera which selectively localizes to the mitochondria. We also describe two of the many possible applications of this recombinant GFP in physiological studies. The targeted chimera allows the visualization of mitochondrial movement in living cells. Also, unlike dyes such as rhodamine, it reveals morphological changes induced in mitochondria by drugs that collapse the organelle membrane potential. Moreover, when GFP is cotransfected with a membrane receptor, such as the alpha 1-adrenergic receptor, the fluorescence of the GFP in intact cells can be used in recognizing the transfected cells. Thus, specific changes in intracellular Ca2+ concentration that occur in cells expressing the recombinant receptor can be identified using a classical fluorescent Ca2+ indicator. GFP is an invaluable new tool for studies of molecular biology and cell physiology. As a marker of transfection in vivo, it provides a simple means of identifying genetically modified cells to be used in physiological studies. More importantly, chimeric GFP, which in principle can be targeted to any subcellular location, can be used to monitor complex phenomena in intact living cells, such as changes in shape and distribution of organelles, and it has the potential to be used as a probe of physiological parameters.